Introduction
It has long been appreciated that the dissipation of upward propagating internal gravity waves could provide a net cooling of the upper atmosphere through the dynamical effects of sensible heat flux divergence and their predominance over viscous heating [ Walterscheid, 1981 ] . However, the competition between cooling by sensible heat flux divergence and heating by viscous dissipation has not heretofore been investigated for the dissipation of upward propagating acoustic waves. Perhaps this is because the role of acoustic waves in the thermal balance of the upper atmosphere is still largely unknown. However, there is evidence that acoustic waves, generated in the lower atmosphere by, for example, strong thunderstorms and ocean waves, propagate into the thermosphere [Rind, 1977 [Rind, , 1978 Raju et al., 1981; Hecht et al., 1995] . It is therefore prudent to investigate the possible influence of acoustic waves on the thermal state of the upper atmosphere; we do this in the present paper with a particular focus on the question of whether the dissipation of acoustic waves cools the thermosphere by sensible heat flux divergence or heats it by viscous dissipation.
Model
The upward propagation of acoustic waves is calculated with a full-wave model that solves the complete linearized equations of continuity, momentum, and energy for a compressible, viscous, and thermally conducting atmosphere with arbitrary altitude variations in basic state thermal structure. Unlike WKB models, the full-wave model rigorously accounts for wave reflection. waves is supersonic at altitudes less than about 168 km and subsonic at greater heights. The periods of the three waves that we consider are smaller than the acoustic cutoff period at all heights except for the 4 min wave period which exceeds the acoustic cutoff period in the approximate altitude interval 100-117 km. The waves have periods that span the low-frequency domain of acoustic wave periods. Intercomparison of the waves is facilitated by having the same horizontal phase velocity for all the waves. As a consequence, the waves have horizontal wavelengths varying by more than an order of magnitude.
The altitude profiles of momentum and thermal diffusivities are shown in Figure 1 (bottom) . The molecular coefficients of viscosity [l,rn and thermal conductivity km are taken from Rees [1989] and are used to calculate the molecular momentum diffusivity •lm = IX,n/P and molecular thermal diffusivity k,n/pCp, where p is the atmospheric density and Cp is the specific heat at constant pressure. The scaling we adopted for the acoustic wave mechanical energy flux gives wave temperature amplitudes at mesopause heights that are several tenths of a degree (Figure 2 ). Mesopause airglow observations of sufficient temporal resolution and sensitivity should be able to detect these acoustic waves. Though the acoustic wave amplitudes are relatively small at an altitude of about 100 km, the wave amplitudes 50-100 km higher in the thermosphere are several to tens of kelvins. Moreover, these waves give heating rates of tens to a hundred kelvins per day when they dissipate at heights of 150-300 km in the thermosphere. Acoustic waves that are barely detectable at mesopause heights can become prodigious heaters of the atmosphere high in the thermosphere. The equatorial F-region hot spot observed by Meriwether et at. [1996, 1997] [1997] suggest that gravity waves with vertical wavelengths larger than about 40-50 km might get high enough to produce the hot spot; we suggest that acoustic waves, which more readily reach F-region altitudes, might instead be responsible for the heating.
